beef cattle in 2000 and 32.7% of annual production of broiler in 199922). Consequently, volumes of the manure and wastewater discharged in limited areas or from large operations became environmental issues. If the issues were not conquered, the animal agriculture would not be continued in Japan. The best management of the animal manure is essentially required now.
1. Current environmental issues Annual numbers of the complaint about the nuisance of the animal agriculture decreased after 1973; however, numbers of the complaint per farm were increasing except against beef farms. Totally 2,590 cases of the complaint were reported in 1999211. Among them, the ordor issue was the largest in number (61.6%), followed by the water pollution (40.6%), insects (7.8%) and others (5.9%). They were caused by swine production (34.4%), dairy (32.4%), chicken (18.7%), beef (12.2%) and others (2.3%).
These problems mostly caused by the failure in the manure management, but it is not easy for most of farms to share sufficient costs for the manure treatment.
Total amount of animal manure in Japan was estimated to be 95 million ton in 1996, which was more than two times of 43 million ton in 196025). Total amount of biochemical oxygen demand (BOD) which is one of the indexes of the environmental burden was 0.84 million ton in 1960, and that increased almost 3 times to 2.5 million ton in 1996. The environmental burden of animal manure is drastically increasing. Human excreta was estimated to be 44 million ton; however, its BOD was far less than that of animal manure, only 0.44 million ton.
Amount of manure from one animal per day is 30 kg of feces, and 20kg of urine and totally 50kg in a cow, and its BOD is 720g in feces, 80g in urine and totally 800g. That of a feeder hog is 1.9kg of feces, and 3.5kg of urine and totally 5.4 kg, and its BOD is 112 g in feces, 18g in urine and totally 130g. Litter and BOD of a hen are 140g and 10g, respectively13). Amount of excreta of a human per day is 1kg, and its BUD is 10g. BODs in the manure of a cow, a feeder hog and a hen are equivalent to 80, 13 and 0.9 of that of a human. BODs discharged from each Japanese average size dairy, swine and poultry farm, which are calculated by multiplying the above data by average number of animals in a farm, are equivalent to those animal operations has significantly high burden against the environment, and the amount is too large to be treated by each farm. The nitrogen burden against farming land by animal production is less than 100kg N/ha in Hokkaido, but more than 300kg N/ha in southern Kyushu44). This shows that animal manure is the overload level in the intensive animal production areas and suggests that the environmental pollution advance more serious in some areas.
2. Microbial flora in animal manure recycle and treatment systems The treatment of animal manure and wastewater is generally considered to be the process which is performed by microorganisms2,9). However, microbiological details of these processes have not been organisms, especially the temperature, humidity and oxygen concentration, are various, and these conditions are shifted by the effect of the metabolism of microorganisms by themselves. We have only several numbers of microbiological tools, and it is so difficult to conquer the complexity of the microbial world in the natural environment. We can cultivate less than 1% of microorganisms in the whole flora of the natural environment. Therefore, we have not had any information about more than 99% of microorganisms. Although the existence of pathogenic microorganisms in the manure and its recycled products is an important issue, microbiological safety will be discussed elsewhere33). In the present paper, microorganisms and their functions in the treatment and recycle systems of the manure and wastewater are discussed.
1) Nitrogen cycle and Microorganisms: Microorganisms play important roles in the nitrogen cycle in the natural environment. They concern every stage of the cycle, i. e. nitrogen mineralization, nitrification, denitrification, nitrogen fixation and assimilation5, 35, 42, 43) .
Organic nitrogen compounds such as protein are degraded to ammonia in the animal body. Ammonia must be eliminated from the body, because of extreme toxicity to almost of animals. Fish and tadpoles excrete ammonia as the end product of the degradation of organic nitrogen compounds; however, the other animals excrete non-toxic forms, i. e., uric acid from birds and terrestrial invertebrates or urea from mammals. Released uric acid and urea rapidly transferred to ammonia by a wide range of microorganisms in the emvironment.
Organic nitrogenous compounds in the natural environment are transformed to inorganic forms by the biodegradation of microorganisms (ammonification). Although 99% of ammonia stay ionized form (NH4+) at neutral pH, the concentration of unionized ammonia (NH3) increases at over pH 9. Unionized ammonia has toxicity against fish. Therefore, at high pH, ammonia is transformed toxic form and tend to vapor to atmosphare.
Ammonia move into the next stages of the nitrogen cycle. One of the stages is assimilation of ammonia into microorganisms and plants, and the other stage is degradation of ammonia to nitrogen by oxidation and reduction.
Ammonia is actively taken up and assimilated by plants, algae, heterotrophic and autotrophic microorganisms. The major way of biological nitrogen removal from the wastewater is generally considered to be nitrification and denitrification; however, nitrogen assimilation by microorganisms is one of important steps of nitrogen removal. A wide range of heterotrophic and autotrophic microorganisms take up and assimilate ammonia.
The first step of the degradation of ammonia is nitrification by microbial action in the natural environment. Ammonia is oxidized to nitrite (NO2), and nitrite is oxidized to nitrate (NO3). This process is performed via two steps. The first step is oxidation of ammonia to nitrite by several species of bacteria; Nitrosomonas, Nitrosospira, Nitrosococcus, and Nitrosolobus, etc. The second step is oxidation of nitrite to nitrate by some bacteria; Nitrobacter, Nitrospira, and Nitrococcus, etc. These two steps of the reactions yield energy, by which microorganisms assimilate CO2 into their carbon pool. Oxygen is required by these two steps of nitrification.
Some microorganisms can take up nitrate and convert it to nitrite and to ammonium which is assmilated to protein and nucleic acids in microbial cells (assimilatory nitrate reducing microorganisms). Plants also possess this mechanism. Assimilatory nitrate reduction is not affected by oxygen. There are certain microorganisms which can reduce nitrate assimilatorily and dissimilatorily, like Pseudomonas aeruginosa, etc.
Some microorganisms dessimilatorily reduce nitrate (denitrify).
In the process of the denitrification, nitrate is reduced to nitrite, nitric oxide (NO), nitrous oxide (NO), and nitrogen gas (N2). Although the process is anaerobically performed, denitrifing microorganisms are aerobic autotrophic or heterotrophic. They can swich their methods of growth, and anaerobically use nitrate as the electron acceptor. Denitrifing microorganisms belong to a relatively wide range of groups, which use organic or inorganic chemicals or light as energy sources. Denitrifing microorganisms are known in the following genera: Acinetobacter, Agrobacterium, Alcaligenes, Bacillus, Corynebacterium, Cytophaga, Hyphomicrobium, Propionibacterium, Pseudomonas, Rhizobium, Spirillum, and Thiobacillus. Pseudomonas (P. fluorescens, P. aeruginosa, P. denitrificans) and Alicaligenes are frequently detected from the wastewater.
Nitrogen gas is the most abundant gas (79%) of the earth atmosphere.
Several species of bacteria and cyanobacteria can do nitrogen fixation. They transfer nitrogen to ammonia and then amino acids. Ap- There are many kinds of systems of the manure recycle and treatment2). One of the most common methods of the wastewater treatment is the activated sludge system. In the system, microorganisms in the activated sludge take up, utilize or assimilate nitrogen compounds, phosphorous compounds and other nutrients in the wastewater. They also nitrify and denitrify nitrogen compounds to N2 gas. The water can be recycled for domestic or agricultural use. Sludge sedimented in the system which is a biomass of cells of microorganisms is recycled as the fertilizer. Biofilm treatment also common for the treatment of wastewater. Microorganisms in the biomat which are formed on the support such as stones, plastic balls or plastic disks act as those in the activated sludge.
The lagooning is also used for the treatment of the wastewater46). The wastewater is settled without aeration in many lagoons, and the system is called to be the anaerobic digestion. Such systems are popular in swine farms in the U. S., and the treated water was often used for flashing the manure under the floor of pig pens. In some lagoons, the aeration process and the anaerobic process are combined. In systems which were managed well, we observed good water characteristics of the treated water. The composting has been widely used as the most typical system for recycling manure10, 36, 37, 40 These results showed that the microbial flora in the excretion did not change drastically in 7 days, and suggested that conditions of the manure, e. g. air, humidity etc., should be artificially changed for the efficient microbiological treatment. down to the next basin sequentially (Fig. 2) . The first basin was weakly aerated.
Biochemical oxygen demand, suspended solid (SS) and total nitrogen were decreased by the lagoon treatment year around. For example in a winter season, they were 388, 405 and 113 in mg/l in the first basin, and were 93, 53 and 48 in the treated water, respectively. The water qualities almost meet the general requirements for the wastewater discharge in Japan year-around.
Total nitrogen and ammonium nitrogen decreased by the treatment (Fig. 3) . However, concentrations of nitrite and nitrate were low, less than 0.21 and 0.55 respectively in any basins of the lagoon in any seasons. The levels of aerobes and anaerobes tended to be decreased by the treatment; however, the levels of these microbes in each basin of the lagoon were relatively stable year-around (Fig. 4) . Spore-forming bacteria such as bacilli and clostridia were relatively large in number in the lagoon. The levels of enterobacteriaceae and streptococci tended to be decreased by the treatment, which suggested that these fecal bacteria were eliminated in the lagoon .
Fungi and actinomycetes were small in number . Ammonia-or nitrite-oxidizing microbes were almost less than the detectable level (Table 1) , which agree with the low concentrations of nitrite and nitrate in the lagoon. This suggests that a limited amount of Under the proper management, lagoons have low environmental impacts and are suitable for sustainable animal production. 5) Microorganisms in composting process: We observed the microbial flora in composting processes26). Figure 6 showed temperatures and bacterial numbers in a rectangular-shaped, aerated and agitated bin which is called the scoop-type in Japan32). The mixture of raw swine excretion and the finshed compost as the amendment was loaded at the starting side of the bin and moved forward with each daily truning. Temperature of the material increased at two stages in the process. Anaerobes garadually decreased in number as the process proceeded. Aerobes and enterobacteriaceae decreased in number at the first and second thermophilic phase, but increased again at each mesophilic (low temperature) phase. Mesophilic microbes such as enterobacteria had been considered that they were killed under the fermentation temperature in the composting process9), but mesophilic bacteria were observed to survive in the composting process. The results indicated that all of mesophilic bacteria were not eliminated by the fermentation with high temperature.
We should pay attention to the survival of pathogenic microorganisms in the composting process. Monitaring of pathogens, such as Salmonella, E. colli O 157 and Cryptosporidium, must be performed in the compost process and especially in the final compost products.
Unpleasant smell from composting facilities is an important issue of the nuisance4,45). We forcused on indole and its derivatives such as skatole (3-methylindole) which are major malodorous compounds in the feces and sewage and resistant to degradation in natural environment3,6). Although some microorganisms have been known to degrade these indolic compounds, a few studies were performed for microbes in composting processes48). We isolated aerobes and anaerobes which degrade indolic compounds from composting processes16,27,29).
We investigated a swine manure composting plants above mentioned. Samples were taken from three points of the process, e. g. at the pretreatment (mesophilic) stage, first fermentation (thermophilic) stage, and finishing stage. The water content (%) was 59.6, 63.0 and 24.9, respectively, and temperature The concentrations of skatole and indole decreased in the process (Fig. 7) . From the composting processes, microorganisms that aerobically grew on the media containing these indolic compounds as the sole source of carbon were isolated. The numbers of total aerobes and skatole-or indole-degrading microbes decreased at the fermentation stage and increased again at the finishing stage in the composting process (Fig. 8) . The largest number of skatole-and indole-degrading microbes was occupied by facultatively anaerobic gram-positive cocci at any stages (Fig. 9) . Most of skatole-degrading microbes, especially, were facultative anaerobes. Facultatively anaerobic skatole-and indole-degrading microbes did degrade skatole and indole, respectively, under both aerobic and anaerobic culture conditions (Table 2) 
30).
Since many facultatively anaerobic skatole-and indole-degrading microbes were isolated under the aerobic condition, skatole-and indole-degrading microbes were tried to be isolated under the anaerobic condition. Although they were small in number compared with those isolated under the aerobic condition, skatole-and indole-degrading microbes were cultured ( Fig. 10)16 ). In isolated skatole-and indoledegrading microbes, facultative anaerobes were dominant, but obligate anaerobes were not small in number. They ocupied 20-47% of the isolates (Fig. 11) . The results coincide with the observation that anaerobic conditions also exist in several parts of composting or the inside of particles of composting materials15,47).
Pre, Fer, Fin:
See Fig. 7 . From the obligate anaerobes, 15 isolates of 6 species of Clostridium were identified (Table 3) 17). All of the isolates degraded indole and 4 of them degraded skatole. This was the first observation on the degradation of indole and skatole by the genus Clostridium.
Any of type strains of Clostridium did not degrade indole or skatole, and these isolates were clarified to possess unique abilities of degradation of the indolic compounds. These isolates grew under the concentration of indole or skatole higher than that in composting processes, and they may survive and grew in the compost. The isolates metabolized indole or skatole through some unique pathways, and the final matabolite was isatin (Fig. 12) . Any of isolates did not degrade isatin.
Microbes anaerobically degrading isatin were investigated in swine and poultry manure composting processes. Small number of isatin-degrading microbes were isolated from both processes (Fig . 13 ).
These isolates were various types (Fig. 14) . This showed that there were various types of isatindegareding microbes in the process. They can utilize isatin which is the metabolite of the other microorganisms.
In these studies, we saw a part of the microcosm of strain is ready to be used practically. These types of ammonia assimilating microorganisms will be one of the candidates for improvement of the composting processes. They may be used for the deodrization of the animal envilonment.
Conclusion
We have studied about microorganisms in manure treatment systems; however, only a tiny part of the microcosm of microorganisms was made clear . The following will be objects of the future works . 1) Clarification of microbial flora and functional microorganisms. however, superficial methods will not dissolve the whole environmental issues. Essentially basic science are also needed to obtain good answers of the issues. Instead of investigation in small fields of research, overview of the global environment must be important. The management of the animal manure and wastewater will be discussed from the wide viewpoint.
We should construct the new animal production systems where we comprehensively consider the feed, animals, waste and environment. 
